on behalf of the IDEFICS consortium BACKGROUND/OBJECTIVES: Individual lifestyle behaviours have independently been associated with cardiovascular diseases (CVD) risk factors in children. This study aimed to identify clustered lifestyle behaviours (dietary, physical activity (PA) and sedentary indicators) and to examine their association with CVD risk factors in children aged 2-9 years. SUBJECTS/METHODS: Participants included 4619 children (51.6% boys) from eight European countries participating in the IDEFICS cross-sectional baseline survey (2007)(2008). Insulin resistance, total cholesterol/high-density lipoprotein cholesterol ratio, triglycerides, sum of two skinfolds and systolic blood pressure (SBP) z-scores were summed to compute a CVD risk score. Cluster analyses stratified by sex and age groups (2 to o6 years; 6-9 years) were performed using parental-reported data on fruit, vegetables and sugar-sweetened beverages (SSB) consumption, PA performance and television video/DVD viewing. RESULTS: Five clusters were identified. Associations between CVD risk factors and score, and clusters were obtained by multiple linear regression using cluster 5 ('low beverages consumption and low sedentary') as the reference cluster. SBP was positively associated with clusters 1 ( CONCLUSIONS: Low television/video/DVD viewing levels and low SSB consumption may result in a healthier CVD profile rather than having a diet rich in fruits and vegetables or being physically active in (pre-)school children.
INTRODUCTION
Increased risk of CVD is characterized by a cluster of metabolic abnormalities, such as abdominal obesity, atherogenic dyslipemia, hypertension, insulin resistance and glucose intolerance. 1 CVD remains the leading cause of mortality in both middle-and high-income countries 2 in parallel to the onset of atherosclerosis and related risk factors occurring early in childhood. 3, 4 This makes an early diagnosis and implementation of guidelines for primary prevention essential in young populations. 3 In view of no universally accepted paediatric definition of metabolic syndrome in children, clustering of CVD risk factors has been shown as an appropriate measure of cardiovascular health in young populations. 5 Individual observations of several lifestyle behaviours, that is, dietary habits, physical activity (PA) or sedentary behaviours, have separately been associated with clustering of CVD or metabolic risk factors. For instance, high fruits and vegetables (F&V) and low sugar-sweetened beverages (SSB) consumption has inversely been associated with metabolic risk and/or individual risk factors in children. 6, 7 Similarly, PA levels have also been inversely associated with metabolic risk factors during childhood. 8, 9 This inverse relationship was stronger for moderate and vigorous PA levels than for light or sedentary activity levels. 10 Moreover, sedentary behaviours such as excessive television (TV) viewing or computer use have been linked to increased risk of CVD in children, 11, 12 regardless of PA levels. 13, 14 In addition, and given the contradictory findings on PA and eating habits, 15 cluster analysis, referring to the co-occurrence of several lifestyle behaviours, might offer an alternative to explore their relationship to several chronic diseases, including CVD in children. 1 To improve the understanding of the association between cooccurrence of lifestyle behaviours and the onset of CVD risk factors in children, the present study aimed (1) to identify clustered lifestyle behaviours based on dietary, PA and sedentaryselected indicators and (2) to examine the relationship between individual risk factors and defined clusters, and a specifically computed CVD risk score in a large sample of European children.
SUBJECTS AND METHODS

Study population
The baseline survey (2007) (2008) of the IDEFICS (Identification and prevention of Dietary and lifestyle-induced health Effects in children and InfantS) project was carried out in eight European countries: Italy, Estonia, Cyprus, Belgium, Sweden, Germany, Hungary and Spain, in children aged 2-9 years. A total of 16 224 children (51% of those invited) met the IDEFICS inclusion criteria: complete data on weight, height, age and sex. More details about the study procedures have been published elsewhere. 16 Those subjects with complete measurements on triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), glucose, insulin, systolic blood pressure (SBP), and complete data on F&V, SSB consumption, PA performance and self-reported TV/video/DVD viewing were included (n ¼ 4619; 51.6% boys). The study sample differed with respect to mean age, height and weight from the total IDEFICS sample, as participants were older, taller and heavier (Po0.05); however, no significant differences were observed for mean z-body mass index.
All procedures involving human subjects/patients were approved by the Ethics Committee at each study centre. Written informed consent was obtained by the parents of all participating children.
Measurements
Socioeconomic status. Socioeconomic status was estimated by means of the International Standard Classification of Education. 17 The maximum International Standard Classification of Education level of both parents was considered.
F&V and SSB consumption. F&V and SSB consumption was obtained by means of the validated food frequency section of the Children's Eating Habits Questionnaire. [18] [19] [20] The questionnaire was completed by parents, querying on the number of times the child had eaten or drunk food items included in the questionnaire during a typical week in the previous month. Responses included eight frequency categories of consumption: 'never/ less than once a week', '1-3 times per week', '4-6 times per week', 'once a day', 'twice a day', '3 times per day', 'X4 times per day' and 'I have no idea'. Frequencies were converted into times per week ranging from 0 to 30. From the 43 food groups initially included in the questionnaire, we only used: cooked vegetables, potatoes and beans; raw vegetables; fresh fruits and sugar-sweetened drinks, on the basis of the fact that only these food groups were included within the IDEFICS intervention key messages. According to the purposes of the present analysis, vegetables and fruit responses were summed into one group.
Physical activity. Information on PA was assessed by means of a selfadministered parentally reported questionnaire querying, 'Is your child member in a sports club?', with response category (i) yes and (ii) no. If 'yes', they were additionally asked, 'How much time (in hours) does he/she spend doing sport in a sports club per week?'. A 'no' response was coded as 0 h spent doing sports. This question significantly correlated with children's daily time spent in moderate-to-vigorous activity, as measured by accelerometer within this sample of children (Spearman r ¼ 0.18, Po0.01). All children participating in the IDEFICS study, regardless of sex, age or country, were asked to wear accelerometers for at least 3 consecutive days (2 weekdays and 1 weekend day), unless they had any physical handicap or constrained movement. The device was worn at the right hip underneath the clothes and during waking hours. From the initial IDEFICS study sample (n ¼ 16 224), a total of 7451 (45.9%) children had complete and valid accelerometer data (minimum of 3 recording days). In the present study sample, accelerometer data was available only in 2621 (56.7%) children.
Sedentary behaviours. Parents were asked via questionnaire, 'How long does your child usually watch TV/video/DVD per day?'. Responses were split into weekdays and weekends, and included five categories: 'not at all', 'o30 min per day', 'o1 h per day', '1-2 h per day', '2-3 h per day' and '43 h per day'. The average hours per week of TV/video/DVD viewing was calculated as follows: ((weekdays Â 5) þ (weekends Â 2))/7.
Physical examinations. Weight and height were measured in light underwear and in bare feet, with an electronic scale (Tanita BC 420 SMA, Tokyo, Japan) and a stadiometer (Seca 225, Seca Ltd., Birmingham, UK), respectively. Body mass index was calculated as body weight (kg) divided by the height squared (m 2 ). Skinfolds thicknesses were measured twice with a Holtain calliper (Holtain Ltd., Croswell, UK) at the triceps and subscapular sites, and the mean was used for the analysis. Blood pressure was measured with an electronic sphygmomanometer (Welch Allyn 4200B-E2, Welch Allyn Inc., Skaneateles Falls, NY, USA) 21 in the right arm, with the child in sitting position. Two measurements were taken at 2 min intervals. Differences higher than 5% of magnitude lead to a third measurement. Means of replicate measurements were used in all analyses.
Biological samples. Blood sampling procedures have been described previously elsewhere. 22 Blood sampling was performed after an overnightfast. Blood glucose, TC, HDL-c and TG were assessed at each study centre by point-of-care analysis (Cholestech LDX analyzer, Cholestech Corp., Hayward, CA, USA). 23 Serum insulin concentrations were determined by luminescence immunoassay Immulite 2000 (Siemens, Eschborn, Germany) in a central laboratory. Insulin resistance was defined by the homoeostasis model assessment (HOMA) 24 and calculated from fasting glucose and plasma insulin via a standard formula: HOMA ¼ (insulin (mIU/ml) Â glucose (mg/dl))/405. The TC/HDL-c ratio was computed.
CVD risk score. A continuous score of clustered CVD risk factors was computed according to Andersen et al.
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: SBP, TG, ratio TC/HDL-c, HOMA and sum of two skinfolds. Age-and sex-specific z-scores were calculated for each risk factor, considering children younger than 6 years old (2 to o6 years) as one group and older than 6 years (6-9 years) as the second group. All individual z-scores were added up to create the clustered CVD risk score. The lower the risk score the more the overall cardiovascular profile improved.
Statistical analysis
All analyses were performed using the Predictive Analytics SoftWare (PASW, version 18; SPSS Inc., Chicago, IL, USA) stratified by age and sex. Sum of two skinfolds, HOMA, ratio TC/HDL-c and TG concentrations were transformed by natural logarithm because of their skewed distribution.
Cluster analysis was performed to create age group-and sex-specific lifestyle behaviours. F&V and SSB consumption, PA and TV/video/DVD viewing were included as indicators and were standardized because of the variation in means and variances among them. 25 The analysis was split into two steps in which a combination of hierarchical and non-hierarchical clustering methods was applied. 26 In the first step, Ward's method was used based on squared Euclidean distances 27 as hierarchical cluster analysis. To reduce the high sensitivity of Ward's method to outliers, univariate outliers (values 43 s.d. above or below the mean) and multivariate outliers (those with high values of the Mahalanobis distance) for any of the four variables tested were removed (n ¼ 444). In the second step, an iterative non-hierarchical K-means clustering procedure was applied in which initial cluster centres based on Ward's hierarchical method were used as nonrandom starting points.
As instability of the results could be a limitation of cluster analysis, the third step was to test the stability of cluster solution. The sample was randomly split into two subsamples in which the clustering procedure was repeated. The degree of agreement was calculated by comparing the new clusters obtained in both subsamples with those of the total sample by means of Cohen's Kappa (k). Agreement was excellent, ranging from 0.904 to 0.963. 28 Analysis of variance and analysis of covariance were performed to describe clusters characteristics. Bonferroni correction was used for post hoc multiple comparisons test. Multiple linear regression models were carried out to examine the association of clusters (independent variables) with the individual risk factors and CVD risk score (dependent variables). Clusters were converted into dummy variables. 'Low beverages and low sedentary' cluster was chosen as the reference, as it showed the lowest values for most individual risk factors and CVD risk score within the ageand sex-specific groups. All analyses were adjusted for parental socioeconomic status and study centre.
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RESULTS
Cluster analysis resulted in a five cluster solution as the most suitable to define CVD risk-related behaviours in the four ageand sex-specific groups. Distinguishing characteristics of each cluster were indicated by high or low z-scores, and are shown in Figure 1 . Each cluster was named according to its predominant characteristics.
Results from analysis of variance are reported by sex and age group in Tables 1 and 2 . Cluster 1 (C1, 'physically active') comprised subjects with high levels of PA whereas cluster 2 (C2, 'sedentary') was characterized by high levels of TV/video/DVD viewing. The characteristics of cluster 3 (C3) varied by age group. The 'high beverage consumption and sedentary' cluster among children 2 to o6 years was described by high levels of SSB consumption and TV/video/DVD viewing. C3 ('physically active and sedentary') in older boys included subjects with high levels of PA and TV video/DVD viewing. Older girls in C3 ('high beverage consumption') presented the highest mean consumption of SSB. High F&V and low SSB consumption characterized cluster 4 (C4, 'healthy diet') in all children. Children within cluster 5 (C5, 'low beverages consumption and low sedentary') were characterized by low levels of SSB consumption and TV/video/DVD viewing, as well as low PA levels and F&V consumption. No significant differences in body mass index were observed among clusters for any age-and sex-specific group.
Means and s.d. for individual risk factors and CVD risk score across clusters are presented in Tables 1 and 2 , separately by sex and age group. Results of multiple linear regression analysis are shown in Tables 3 and 4 
DISCUSSION
The study aimed to examine the co-occurrence of four lifestyle behaviours, that is, F&V and SSB consumption, PA and TV/video/ DVD viewing, and its association to individual CVD risk factors and age-and sex-specific CVD risk score. Other studies performing cluster analysis in children 15, 29 and adolescents 30 have dealt with similar variables as health-or obesity-related behaviours. A total of five age-and sex-specific clusters were identified and characterized by one or even two predominant lifestyle behaviours with the exception of C5, defined by low levels for all indices. This is in agreement with Ottevaere et al. 30 showing that behaviours do not have to occur simultaneously. We have also observed a sex influence in the composition of clusters being stronger in older children. That could be explained by sex differences in dietary habits as hypothesized by Vereecken et al. 31 as well as unbalanced patterns of PA. 32 Unexpectedly, high F&V consumption and high PA levels did not concur within one cluster representing the 'healthy' group, as occurred in other studies carried out in 10-year-old children. 15 Sabbe et al., 15 however, pointed out that there is no predisposition for children who are engaged into a specific lifestyle behaviour to be also involved in another one. This has been observed in studies of adults, 33 suggesting conscious compensation of the lack of a specific healthy behaviour by adhering to another healthy one. Although this behaviour has not been investigated in children yet, it may be plausible in our study as data was completely parentreported. Table 3 . Unstandardized regression b-coefficients (95% CI) examining the relationship between individual risk factors and the CVD risk score and identified clusters among 2 to o6-year-old children Abbreviations: CI, confidence intervals; CVD, cardiovascular disease; HDL-c, high-density lipoprotein cholesterol; HOMA, homoeostatic assessment model; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides. The model is adjusted for socioeconomic status and study centre. *Po0.05.
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Although CVD risk factors have more frequently been observed among older children, several related risk factors have also been detected in young obese children. 34, 35 This possibly indicates the potential implications of different lifestyle behaviours in school and preschool children in addition to sex influences also observed in our study. For that reason, CVD risk score as well as clustering of lifestyle behaviours have been specifically calculated by sex and age group, that is, 2 to o6 years (preschool children) and 6-9 years (school children).
As expected, clusters characterized by high levels of TV/video/ DVD viewing (C2 and C3, only in older boys) were adversely associated with individual risk factors and clustered CVD risk score, predominantly in older boys. A recent systematic review concluded that an increase in sedentary behaviours expressed as hours of total screen time was associated with increased risk for markers of CVD in children and adolescents. 36 In addition, it was suggested that TV viewing 41.2 h per day was associated with an increase in SBP. 36 Sedentary behaviours seem to have an important role in the development of CVD risk-related factors, even when values are slightly below the maximum values established for total screen time.
Although PA has previously been inversely associated with clustered metabolic risk in children, 9, 12 our results suggested low levels of sedentary behaviours and low consumption of SSB to have a major role on the CVD risk profile than PA per se. PA was negatively associated with many CVD risk factors as blood pressure, TC, HDL-c, TG, insulin resistance and SBP among others. 10 Our findings showed C1 to be positively associated with HOMA and SBP values in younger boys and older boys, respectively. This might suggest that decreasing sedentary behaviours and SSB consumption may be more favourable, at least in terms of insulin resistance and SBP, rather than being physically active above a specific threshold. In addition, higher consumption of SSB has been also related to increased insulin resistance in adolescents. 37 The same hypothesis could be plausible for C4, characterized by having a healthy diet. A decrease in TV/video/DVD viewing as well as in SSB consumption may be more beneficial for some individual risk factors that is, sum of two skinfolds in younger girls and older boys, and the ratio TC/HDL-c and CVD risk score among older boys, than higher consumption of F&V.
This study has limitations that should be taken into account when interpreting the results. The cross-sectional nature of the study does not allow us drawing causal relationships. Data on diet, PA and TV/video/DVD viewing were based on parent reports, which are subject to measurement error like social desirability or misreporting, despite showing acceptable reliability in our study. 18, 19 Despite the methodological limitations of questionnaires, their low cost and ease of administration in large samples have led them to be the most common tool used to subjectively assess PA and sedentary behaviours. 38 It is possible that sedentary behaviours and PA levels have been underestimated. Indeed, children PA performance was estimated according to their membership in a sport club, and children who responded 'no' were assumed to have spent 0 min doing PA. This represents a major study limitation, as PA performed outside a sport club such as playing sports in the neighbourhood or at school was not taken into account. In addition, young children would be less likely to enroll into a sports club but playing outdoors than older children. Sports club participation, however, has been shown to be positively associated with PA performance in children. 39 The main strengths of this study are the large sample size, comprising diverse geographical areas of Europe, and the use of standardized procedures. To our knowledge, this is the first study investigating dietary, PA and sedentary behaviours as clusters of lifestyle behaviours, and their relationship to CVD risk factors in European (pre)school children.
In conclusion, our data suggest that low levels of TV/video/DVD viewing and low SSB consumption are associated with a healthier cardiovascular profile than having a diet rich in F&V or being physically active. These findings emphasize the importance of early life-prevention strategies aimed at preventing the onset of CVD risk-related factors. Further longitudinal studies should focus on examining the stability and/or evolution of the clusters together with the tracking of CVD risk factors later in life.
